In June 2016, we continued surveillance for tick-borne viruses in eastern Kansas following upon a larger surveillance program initiated in 2015 in response to a fatal human case of Bourbon virus (BRBV) (Family Orthomyxoviridae: Genus Thogotovirus). In 4 d, we collected 14,193 ticks representing four species from four sites. Amblyomma americanum (L.) (Acari: Ixodidae) accounted for nearly all ticks collected (n = 14,116, 99.5%), and the only other species identified were Amblyomma maculatum Koch (Acari: Ixodidae), Dermacentor variabilis (Say) (Acari: Ixodidae) and Ixodes scapularis Say (Acari: Ixodidae). All ticks were tested for both BRBV and Heartland virus (Family Bunyaviridae: Genus Phlebovirus) in 964 pools. Five Heartland virus positive tick pools were detected and confirmed by real-time reverse transcription PCR (rRT-PCR), while all pools tested negative for BRBV. Each Heartland positive pool was composed of 25 A. americanum nymphs with positive pools collected at three different sites in Bourbon County. A. americanum is believed to be the primary vector of both Heartland and BRBVs to humans based upon multiple detections of virus in field-collected ticks, its abundance, and its aggressive feeding behavior on mammals including humans. However, it is possible that A. americanum encounters viremic vertebrate hosts of BRBV less frequently than viremic hosts of Heartland virus, or that BRBV is less efficiently passed among ticks by co-feeding, or less efficiently passed vertically from infected female ticks to their offspring resulting in lower field infection rates.
In June 2016, we continued surveillance for tick-borne viruses in eastern Kansas following upon a larger surveillance program initiated in 2015 (Savage et al. 2018 ) in response to a fatal human case of Bourbon virus (BRBV) (Family Orthomyxoviridae: Genus Thogotovirus). The 2015 surveillance program resulted in the detection of three virus positive tick pools, all composed of adult A. americanum (L.) (Acari: Ixodidae) ticks collected in Bourbon County. Two pools were Heartland virus (HRTV) (Family Bunyaviridae: Genus Phlebovirus) positive, and one was BRBV positive. The two Heartland virus positive pools were each composed of five males collected at two sites, a commercial recreational area (site 1) and a private recreational property (site 12). The single BRBV positive pool was composed of five females collected at site 12 on 5 June.
The goals of our June 2016 surveillance activities were to build upon the results of our 2015 studies (Savage et al. 2018 ) and further define the species composition of host-seeking ticks in the vicinity of the residence of the fatal BRBV case, to incriminate possible vector species by documenting infection in field-collected ticks, and to determine which life stages may be important in virus transmission to humans.
Materials and Methods

Study Area
Most of Bourbon County and all of Linn County are located in the Osage Cuestas physiographic region (Aber and Aber 2009 ). The natural vegetation of eastern Kansas is oak-hickory forest and tallgrass prairie, but much of the landscape has been modified by human use including agriculture (Aber and Aber 2009 ). The study area is characterized by small towns and agricultural properties devoted to grain and livestock production.
We collected at three sites located in Bourbon County and one site in southern Linn County ( Fig. 1 ) with site numbers corresponding to those of the 2015 surveillance program (Savage et al. 2018) . Site 1 is a commercial recreational area that yielded one HRTV isolate in 2015, while site 12 is a family owned recreational property that produced two virus positive pools, one HRTV and BRBV, in 2015. The two remaining sites, sites 8 and 10, were mixed agricultural and recreational properties, e.g., land used for crop production and hunting.
Tick Collection and Identification
Ticks were collected during a 1-wk-long field trip, with tick collections occurring on 6-9 June 2016. Each site was sampled during one day, approximately from 0900 to 1700 hours. Host-seeking ticks were collected by flagging as described previously (Savage et al. 2013 (Savage et al. , 2016 . Collectors moved independently hunting for ticks over variable areas and habitats. Ticks were frozen on dry ice and shipped to the Centers for Disease Control and Prevention (CDC), Fort Collins, CO, for processing and testing. Ticks were identified to species, life stage and sex with dissecting microscopes on refrigerated chill tables using morphological keys (Cooley and Kohls 1944 , Briton et al. 1965 , Keirans and Clifford 1978 , Sonenshine 1979 , Keirans and Litwak 1989 , Durden and Keirans 1996 , Keirans and Durden 1998 .
Tick Grinding
Methods for tick processing and virus testing were described previously (Savage et al. 2018) . Ticks were grouped into pools by site, collection date, species, life stage, and sex. Maximum pool size was five for adult ticks and 25 for nymphs. Tick pools were homogenized and processed as described in Savage et al. (2018) . A 125 µl aliquot of the clarified supernatant was transferred to an identically labeled 1.6-ml microcentrifuge tube for RNA extraction. Remaining homogenates were held at −80°C for future confirmatory testing.
RNA Extraction and Virus Detection
A 100 µl subsample was removed from the 125 µl aliquot from each pool and viral RNA extracted as described previously (Savage et al. 2018) . HRTV primer-probe sets 1 and 4 used for virus detection and confirmation are as described in Savage et al. (2013) . Sequence and reporter information for BRBV primer/probe sets nucleoprotein 1 (NP1) and polymerase basic 1 (PB1) used for virus detection and confirmation are as described by Lambert et al. (2015) . All extracted samples were screened in separate singleplex real-time reverse transcription PCR (rRT-PCR) reactions. The HRTV screening reactions used HRTV primer-probe set 1, and the BRBV screening reactions used BRBV primer-probe set NP1.
Pools positive in the screening assay for either virus were confirmed by re-extracting RNA from the original tick homogenate and performing rRT-PCR assays with two primer-probe sets for that virus each in separate singleplex reactions. Pools were scored HRTV or BRBV positive if crossing threshold (CT) scores for both primer/ probe sets for each virus were ≤37.
Maximum Likelihood Estimate of Infection Rates
Maximum likelihood estimate (MLE) of the virus infection rates (IR) per 1,000 ticks, 95% confidence intervals (CIs) for the IR and significance tests of comparisons were calculated using the Excel Add-In of Biggerstaff (2009) with positive pools defined as above.
Plaque Assays to Detect Viable Virus
Detection of viable virus in tick homogenates from rRT-PCR positive samples was conducted utilizing a two-step cell-culture assay using human hepatoma cell line 7 (HuH-7) cells for the first step as described in Savage et al. (2016) . After removing the growth media (described in Savage et al. 2016) homogenate was inoculated onto HuH-7 cells in separate T-25 flasks. Samples were incubated for 1 h at 37°C. After incubation, inoculum was removed and 10 ml of maintenance media (described in Savage et al. 2016 ) was added to each flask. Flasks were monitored daily for CPE and harvested on day 5 for BRBV rRT-PCR positive samples and on day 6 for HRTV rRT-PCR positive samples.
In the second step, the first viral harvest, V1, from above was inoculated onto HuH-7 cells in 6-well plates and also VeroE6 cells in 6-well plates similar to standard plaque assay protocols (Miller et al. 1989) . For each T-25 harvest sample, a clarified 10 0 supernatant and 10 -1 and 10 -2 10-fold serial dilutions were prepared. Two wells were inoculated at each serial dilution with 100 µl of clarified supernatant. The second overlay with neutral red was applied on day 4 post-infection. Wells were inspected and plaques counted on days 5 to 8 post-infection.
Results
14,193 ticks representing four species were collected at four sites (Fig. 1, Table 1 ). Amblyomma americanum (L.) (Acari: Ixodidae) accounted for nearly all ticks collected (n = 14,116, 99.5%), and the only other species identified were Amblyomma maculatum Koch (Acari: Ixodidae), Dermacentor variabilis (Say) (Acari: Ixodidae), and Ixodes scapularis Say (Acari: Ixodidae) ( Table 1 ).
All ticks were tested for both viruses in 964 pools. Five HRTV virus positive tick pools were detected and confirmed by rRT-PCR, while all pools tested negative for BRBV (Table 2) . Each HRTV positive pool was composed of 25 A. americanum nymphs collected in Bourbon County (Table 2) . Three positive pools were collected at site 1 on 6 June 2016, one positive pool at site 8 on 7 June, and one positive pool at site 12 on 8 June. Three of the five rRT-PCR positive pools yielded viable virus in HuH-7 and VeroE6 cells: KS-2016 -977, KS-2016 -986, and KS-2016 -1407 The HRTV IR for A. americanum nymphs at site 1 on 6 June was 0.92 per thousand (95% CI = 0.24-2.49) or 1 in 1,087 nymphs. The HRTV IR for A. americanum nymphs from site 8 on 7 June was 0.36 (CI = 0.02-1.73). The HRTV IR for A. americanum nymphs at site 12 on 8 June was 0.32 (CI = 0.02-1.54). IR at individual sites were not significantly different (P > 0.05). When all sites are combined over June collections, the HRTV IR in A. americanum nymphs was 0.42 (CI = 0.16-0.92) or 1 in 2,381 nymphs.
Discussion
In response to a fatal human case of BRBV in Bourbon County, KS, we continued surveillance in June 2016 for HRTV and BRBV, based on a more comprehensive tick surveillance program conducted in 2015 (Savage et al. 2018) . In 2016, we sampled at four sites, two (sites 1, 12) of which yielded HRTV in adult A. americanum in 2015, and one (site 12) which also yielded a BRBV positive pool of adult A. americanum ticks. We also sampled at two combined agricultural and recreational properties, sites 8 and 10. In 2016, we detected HRTV in nymphs at both sites 1 and 12, suggesting that HRTV persist at these sites. We also detected HRTV at a third Bourbon County site, site 8, for the first time in 2016, indicating that HRTV is widely distributed in Bourbon County.
However, we failed to detect BRBV in 2016. BRBV appears to be less frequently detected than HRTV in field-collected A. americanum ticks both in our 2015 Kansas collections and in a retrospective study of tick specimens collected in northwestern Missouri in 2013 (Savage et al. 2017 (Savage et al. , 2018 . A. americanum is believed to be the primary vector of both HRTV and BRBV to humans based on multiple detections of virus in field-collected ticks, its abundance, and its aggressive feeding behavior on mammals including humans. However, it is possible that A. americanum encounters viremic vertebrate hosts of BRBV less frequently than viremic hosts of HRTV, or that BRBV is less efficiently passed among ticks by co-feeding, or less efficiently passed vertically from infected female ticks to their offspring resulting in lower field IR. Field and laboratory studies are needed to identify vertebrate hosts of BRBV, and to document the efficiency of co-feeding and vertical transmission. 1  897  3,290  2  2  4,191  8  187  2,802  3  4  2,996  10  542  2,777  7  3,326  12  471  3,150  59  3,680  Total  2,097  12,019  3  72  2  14,193 One day-long collection was made at each site. 
